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Abstract 

Mouse hepatitis virus (MHV) A59 infection which causes 
acute encephalitis, hepatitis, and chronic demyelination, 
is one of the experimental models for multiple sclerosis. 
Previous studies showed that lethal infection of p 2 -micro- 
globulin 'knockout' (P 2 M (-/-)) mice required 500-fold less 
virus and viral clearance was delayed as compared to 
infection of immunocompetent C57BI/6 (B6) mice. To 
investigate the mechanism of the increased susceptibili¬ 
ty of (3 2 M(-/-) mice to MHV-A59, we studied organ 
pathology and the distribution of viral antigen and RNA 
during acute and chronic infection. A59-infected P 2 M(-/-) 
mice were more susceptible to acute encephalitis and 
hepatitis, but did not have increased susceptibility to 
demyelination. Viral antigen and RNA distribution in the 
brain was increased in microglia, lymphocytes, and 
small vessel endothelial cells while the distribution in 
neurons and glia was similar in p 2 M(—/—) mice and B6 
mice. Acute hepatitis and thymus cortical hypoplasia in 
3 2 M(—/—) mice were delayed in onset but pathologic 
changes in these organs were similar to those in B6 
mice. The low rate of demyelination in (3 2 M(-/-) mice was 
consistent with the low dose of the virus given. A less 


neurotropic virus MHV-2, caused increased parenchymal 
inflammation in (3 2 M(-/-) mice, but without demyelin¬ 
ation. Thus, CD8+ cells were important for viral clearance 
from endothelial cells, microglia and inflammatory cells, 
but not from neuronal and glial cells. In addition, CD8+ 
cells played a role in preventing the spread of enceph¬ 
alitis. 


Introduction 

Coronavirus mouse hepatitis virus (MHV) is a single- 
stranded enveloped RNA virus of positive polarity [1-3]. 
MHV infection of mice provides an excellent model for 
studying acute and chronic persistent diseases of the cen¬ 
tral nervous system (CNS) [2,4-13], Certain strains of the 
MHV (such as A59 and JHM), produce a chronic demye- 
linating disease, probably due to immune mediated mech¬ 
anisms, sharing many of the pathologic hallmarks with 
those of the human demyelinating disease multiple sclero¬ 
sis (MS) [12-14], 

The nature of the immune component responsible for 
the demyelinating process in MHV is not clearly under¬ 
stood. MHV infection of the CNS induces enhanced 
expression of MHC class I antigens on brain cells in vitro 
and in vivo [15-19], However, the significance of MHC 
induction in mHV infection is still not clear. It can poten- 
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tially enable cytotoxic phenomena on neural cells includ¬ 
ing oligodendrocytes, by CD8+ cells which require recog¬ 
nition by MHC class I antigens on the surface of the target 
cells. In SCID mice, in which the B- and T-cell immune 
components are nonfunctional, infection by MHY does 
not produce significant demyelination [20], suggesting 
that a subset of the affected immune cells in SCID mice 
are important for demyelination. The cells which affect 
the rate and quality of the demyelinating process were 
characterized as Thyl+ cells [21], presumably a subset of 
T cells. 

Cytotoxic, CD8+, T cells, were shown to be important 
for clearance of MHV infection [22], although, perforin- 
mediated cytolysis was not essential for viral clearance 
[23], In order to examine whether CD8+ cells also 
affected demyelination, we previously studied the ability 
of MHV-A59 to produce demyelination in (T-microglobu- 
lin ‘knockout’ (|3 2 M(-/-)) mice [24, 25], Since the (U- 
microglobulin is part of the MHC class I protein, disrup¬ 
tion of (U-microglobulin expression interferes with nor¬ 
mal expression of MHC class I and the development of 
functional CD8+ cells in (3?M(-/-) mice [26], We found 
that demyelination developed in some (3 2 M(-/-) mice fol¬ 
lowing infection with a lethal dose of MHV-A59, thus 
CD8+ cells were not an absolute requirement for demye¬ 
lination [24], However, the pathogenesis of the disease 
and the reasons for the increased susceptibility of p 2 M(- 
/-) mice to MHV infection were still unknown. Thus, in 
the present study we investigated the effect of lack of 
CD8+ cells on organ pathology, and the cellular reservoirs 
for viral infection, in both acute and chronic MHV infec¬ 
tion of (3 2 M(-/-) mice. 


Materials and Methods 

Viruses Cells and Mice 

MHV-A59 [10] and MHV-2 [27] were used in this study. Viruses 
were propagated and assayed on L2 murine fibroblast cells at 37 ° C, 
propagated in DMEM (Gibco) containing 10% heat-inactivated fetal 
bovine serum and 1 % penicillin/streptomycin. 

Four-week-old, C57B1/6 (B6) mice (Jackson Laboratories, Bar 
Harbor, Me., USA), were used. (TM(-/-) mice were originally ob¬ 
tained from Dr. Beverly Roller [26], and were inbred at the Universi¬ 
ty of Pennsylvania. Mice were produced by the combination of B6 
and 129/J [24], Additional (TM(-/-) mice were purchased from Jack- 
son Laboratories. The lethal dose of MHV- A5 9 that killed 50% of the 
mice (LD 50 dose) was found to be 5 PFU/mouse, compared to 3,000 
PFU in B6 mice [24], Groups of 3-5 per time point, 4-week-old 
mice, were inoculated intracerebrally (IC) with 20 pi of the viruses, 
and were sacrificed by methoxyflurane overdose at various intervals 
postinoculation (1, 3, 5, 7, 9, 11, 15, 30 days postinoculation) and 
perfused intracardially with PBS and 10% phosphate-buffered for¬ 


malin. Control mice were mock-infected with the same volume of 
sterile L2 cell lysate not containing virus. To ensure that the colony of 
(TM(-/-) mice was truly deficient of CD8+ cells, random analyses of 
cells from the spleen and lymph nodes from uninfected pjM]-/-) 
mice were carried out. These populations of cells were consistently 
negative for the presence of CD8+ or p 2 -microglobulin as assayed by 
fluorescence-activated cell-sorting assays [24], 

Histopathology 

Mice were perfused with 10 ml PBS, then 10 ml of 10% buffered 
formalin (Sigma, St. Louis, Mo., USA) and organs, including thymus, 
liver, brain and spinal cord, were removed and fixed in formalin for 
at least an additional 48 h. In selected mice the entire block of inter¬ 
nal organs was removed and fixed in formalin. Individual organs 
were then dissected and processed for embedding in paraffin. Tissues 
were embedded in paraffin, sectioned at 5 \iM and stained with 
hematoxylin and eosin (HE). Brain and spinal cord sections were also 
stained with Luxol Fast Blue for myelin. For each animal at least 5 
coronal sections of brain and multiple sections of cervical, thoracic, 
and lumbar spinal cord were prepared. Additional mice were per¬ 
fused with 2% glutaraldehyde (Sigma) and spinal cord sections were 
embedded in Epon, sectioned at 1 \iM and stained with toluidine 
blue [10]. The sections were examined for evidence of primary demy¬ 
elination (loss of myelin sheaths surrounding intact neuronal axons). 

Viral Titers 

For assessment of viral titers, organs were removed from mice 
aseptically following PBS perfusion and kept frozen at -80°C. These 
samples were homogenized, and tested for viral titers by plaque 
assays in 6-well plates [10, 24], 

Immunohistochemistry 

Formalin-fixed, paraffin-embedded unstained 5 -\xM sections 
were used. Immunohistochemistry was performed using the ABC 
Elite immunoperoxidase kit (Vector Laboratories, Burlingame, Cal¬ 
if., USA) with diaminobenzidine as substrate and rabbit polyclonal 
anti-MHV antibodies used at a 1:100 dilution [28], Control experi¬ 
ments included incubation of sections with the same concentration 
of an irrelevant antibody of matched haplotype. 

Combined in situ Hybridization for MHV RNA and Cell Marker 

Immunohistochemistry 

To detect viral RNA, in situ hybridization was performed on tis¬ 
sue sections from MHV-A59-infected p 2 M(—/—) mice. The nature of 
the cell types infected with the virus was determined using a combi¬ 
nation of in situ hybridization for viral RNA with cell-specific mark¬ 
ers (GFAP antibodies for astrocytes and RCA-1 for microglia and 
endothelial cells) as previously described [29], Paraffin-embedded, 
formalin-fixed tissues were placed on heavy teflon (HTC) slides 
(Cell-Line Associates, Newfield, N.J., USA) deparaffinized, air-dried 
and histochemistry performed with anti-GFAP monoclonal anti¬ 
bodies at 1:500 dilution [30], or RCA-1 (Sigma). After permeabiliza- 
tion with pepsin (2 mg/ml in 0.1 VHCl for 15 min at 37 ° C) the slides 
were washed in 0.1 MTris buffer (pH 7.4) for 1 min, then in 100% 
ethanol, and then air-dried. MHV RNA was detected by in situ 
hybridization with a biotinylated oligonucleotide probe composed of 
S-gene sequences 5 'T AT A AG AGT GATT GGC GTCC 3'. An oligo¬ 
nucleotide probe derived from the HIV gag gene 5'ATCCTGGGAT- 
T AAAT AAA AT AGT A AG AAT GT AT AGCCCT AC 3' was used as 
control. The hybridization mixture contained 1 nmol/100 pi of 
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probe, 5 x SSC, 1 % blocking reagent (BMB), 0.1 % N-lauroylsarco- 
sine and 0.2% SDS. The slides were covered, incubated on a heat 
block for 10 min at 95 °C, and transferred to a humidified chamber 
for 12 h at 45 °C. After incubation the slides were first washed in 2 x 
SSC, 0.1% SDS for 15 min, and then in 0.1% SDS for 15 min at 
37 0 C. Slides were then incubated with streptavidin alkaline phos¬ 
phatase (sheep) for 2 h at 37 °C. After incubation, the slides were 
washed in 0.1 M Tris buffer (pH 7.4). The signal was colorized with 
NBT/BCIP. 


Results 

Pathology of Acute Disease in CDS +-Negative Mice 

Infected with MHV-A59 

We previously found that 3 2 M(-/-) mice were signifi¬ 
cantly more susceptible to infection with MHV-A59, as 
compared to the two parental strains of mice that were 
used for the development of these transgenic mice, i.e. B 6 
and 129/J [24], Disease in either B 6 or 129/J mice was 
identical. Normal susceptible mice (B 6 ) infected with 
5,000 PFU/mouse (1-2 LD 50 dose) of the neurotropic 
virus MHV-A59 developed both encephalitis and hepati¬ 
tis. Following IC inoculation with 10 PFU of MFIV-A59 
(2 LD 50 ), p 2 M(-/-) mice developed clinical signs of acute 
disease including ruffled fur, hunched position, decreased 
motility and appetite, lethargy, limb weakness, and even¬ 
tually death. These clinical signs were similar to the ones 
observed in B 6 mice infected with 5,000 PFU of MHV- 
A59. Thus, p 2 M(-/-) mice required 500-fold less virus 
than B 6 mice to produce a similar mortality rate and clini¬ 
cal disease. Previous analysis of viral titers in organs of 
the two types of mice infected with MF1V-A59 showed 
that p 2 M(-/-) mice infected with 10 PFU had higher and 
more sustained titers of virus as compared to B 6 mice 
infected with 5,000 PFU ofMHV-A59 [24], These results 
were consistent with the hypothesis that CD 8 + cells play 
an important role in MF1V clearance from the organs of 
infected mice. 

We next sought to investigate the cellular reservoirs 
which cause the increased susceptibility to and the in¬ 
crease in virulence of MHV-A59 in p 2 M(-/-) mice. 
Therefore, we compared the histopathological changes in 
p 2 M(-/-) mice and B 6 mice both injected with doses that 
produce comparable clinical effect, i.e. 1-2 LD 50 dose. 
We also compared the pathological changes in these two 
strains of mice given the same dose of virus. A dose of 10 
PFU of MF1V-A59 in B 6 mice did not produce any clini¬ 
cal disease and the only pathologic change was minimal 
meningeal infiltration. A dose of 5,000 PFU of MFIV-A59 
in p 2 M(-/-) mice killed all the mice but the pathologic 
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changes obtained at necropsy were similar to the ones 
seen with 10 PFU. 

The histopathologic changes in p 2 M(-/-) mice infected 
with 10 PFU of MHV-A59 are summarized in table 1. 
Between 7 and 13 days postinoculation, 100% of the mice 
had pathological changes in the brain, liver and thymus. 
We analyzed all of the other organs for histopathological 
change in order to determine if organs other than liver 
and brain may be involved in acute infection in p 2 M(-/-) 
mice, providing additional cellular reservoirs for viral 
replication. No pathologic changes were seen in the heart, 
lung, gastrointestinal tract, spleen, pancreas, adrenals, 
genital organs, salivary glands, bone marrow, skin or mus¬ 
cle in any of the mice. 

Examination of the livers of p 2 M(-/-) mice infected 
with 10 PFU of MHV-A59 revealed a more prolonged 
course of acute hepatitis. In B 6 mice, hepatitis began 3 
days postinfection and was cleared by 2 weeks postinfec¬ 
tion; whereas in p 2 M(-/-) mice, hepatitis was not seen 
before 7-8 days postinfection. On day 21 postinfection, 2 
of 3 mice still exhibited chronic persistent hepatitis, with 
mononuclear inflammatory infiltrates within foci of dam¬ 
aged hepatocytes and the beginning of microvacuolar lip- 
idization of hepatocytes. Thus acute hepatitis in p 2 M(-/-) 
mice was delayed in onset and clearance, but was similar 
in morphologic aspects and in the extent of tissue damage 
to acute hepatitis in B 6 mice. 

Examination of the thymus of p 2 M(-/-) mice infected 
with 10 PFU of MHV-A59 showed evidence of cortical 
depletion of lymphocytes. The thymus cortex was trans¬ 
formed into a skeleton of epithelial cells and blood vessels 
and only a small number of lymphocytes remaining. The 
thymic cortex of uninfected or mock-infected p 2 M(-/-) 
mice was densely populated with lymphocytes. There 
were no significant changes in the thymic medulla. These 
changes were observed between days 7 and 13 postinfec¬ 
tion and were similar to the ones observed in B 6 mice 
infected with MHV-A59. Viral titers of thymus from 
infected mice were negative by plaque assay. 

Brain pathology following MHV-A59 infection in B 6 
mice consisted of focal acute encephalitis, characterized 
by microglial nodules, neuronophagia and inflammatory 
infiltrates, mostly lymphocytes, in regions of the brain 
typically susceptible to MFIV-A59 infection. These areas 
included the olfactory bulbs, the prepiriform and piriform 
cortex, the septal nuclei, the claustrum, the lateral habe¬ 
nula, the parahippocampal and entorhinal cortex, the 
subiculum, amygdala, subthalamic nuclei and substantia 
nigra, the ventral tegmental area, and the locus ceruleus. 
Areas of the neocortex and cerebellum were generally 
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Table 1 . Comparison of pathologic features in (3 2 M(-/-) mice and B6 mice infected with MHV-A59 


Pathology 

PID 








1 

4 

7-8 

11 

13 

21 

30 

P 2 M(-/-) mice 

Meningitis 

1/2 

3/6 

6/6 

2/2 

4/4 

1/3 

0/3 

Encephalitis 

0/2 

3/6 

6/6 

2/2 

3/4 

1/3 

0/3 

Chronic inflammatory demyelination 
Flepatitis 

0/2 

0/6 

5/6 

2/2 

3/4 

2/3 

14/200 (7%) 
0/3 

Thymic hypoplasia 

0/2 

0/2 

2/5 

1/1 

2/2 

0/2 

0/3 

B6 mice 

Meningitis 

3/3 

3/3 

3/3 

0/3 

0/3 

0/3 

0/3 

Encephalitis 

0/3 

3/3 

3/3 

0/3 

0/3 

0/3 

0/3 

Chronic inflammatory demyelination 
Flepatitis 

0/3 

3/3 

3/3 

0/3 

0/3 

0/3 

64/100(64%) 

0/3 

Thymic hypoplasia 

0/3 

3/3 

3/3 

0/3 

0/3 

0/3 

0/3 


Each type of mice were infected with approximately 2 LD 50 dose of virus (10 PFU for (S 2 M(-/-) mice and 5,000 for 
B6 mice). The pathologic features are expressed as the number of positive mice per total number of mice examined for 
this pathologic feature at a particular time point. Demyelination is expressed as the number of demyelinated spinal 
cord quadrants per total number of spinal cord quadrants. 


spared as previously described [10, 28, 31]. Histopatho¬ 
logic examination of the brain of (3 2 M(-/-) mice infected 
with 10 PFU of MHV-A59 also showed meningoence¬ 
phalitis with predilection for olfactory-limbic structures 
similar to the changes seen in MHV-A59-infected B6 
mice. However, there was more extensive involvement of 
the basal ganglia and thalamus of (3 2 M(-/-) mice as com¬ 
pared to B6-infected mice. Both B6 and p 2 M(-/-) mice 
showed no significant involvement of neocortex and cere¬ 
bellum in infected p 2 M(-/-) mice. 

The brain of MHV-A59-infected p 2 M(-/-) mice was 
infiltrated by mononuclear inflammatory cells, mostly 
lymphocytes, as in MHV-A59-infected B6 mice. How¬ 
ever, there was more extensive proliferation of rod¬ 
shaped microglial cells in involved areas in p 2 M(-/-) mice 
as compared to acute encephalitis in B6 mice. Control 
mock-infected mice did not exhibit any specific patholog¬ 
ical changes in any of the organs. 

Distribution of Antigen and Viral RNA in Brains of 

fisM(—/—) Mice Infected with MHV-A59 

Since viral titers in brains of p 2 M(-/-) mice were gen¬ 
erally 2 logs higher at the peak of acute infection of the 
brain [24], we wanted to analyze the spread of viral anti¬ 
gens and genome. We asked whether the number of 
infected cells was increased and whether additional cell 
types served as reservoirs for viral replication during 


infection of p 2 M(-/-) mice with MHV-A59. We per¬ 
formed immunohistochemistry on brain sections from 
p 2 M(-/-) mice, during acute infection with MHV-A59, to 
detect the presence of viral antigen. Immunohistochemis¬ 
try in p 2 M(-/-) mice revealed viral antigen in neurons in a 
similar intensity and anatomic distribution to that seen in 
B6 mice [28]. The infected neurons seen during acute 
encephalitis were generally found in the same anatomic 
location of the inflammatory infiltrates (as described in 
the previous section). However, there was increased viral 
antigen in numerous microglia, lymphocytes, endothelial 
and meningeal cells in p 2 M(-/-) mice as compared to B6 
mice [28] which rarely presented viral antigens in these 
cell types during infection with MHV-A59 (fig. 1). 

Fig. 1. A-D Immunohistochemical analysis of MHV-A59-infected 
(3 2 M(-/-) mouse brains. A Neuronal infection is exhibited by positive 
immunostaining for MHV antigen in the cytoplasm of parahippo¬ 
campal neurons. Note the morphological stigmata of neurons: the 
large cell size, the characteristic oval nucleus with the prominent 
nucleolus, and the thick axonal and dendritic processes, x 400. 
B Viral antigen detected in perivascular lymphocytes (arrowheads), 
x 200. C Viral antigen detected in endothelial cells delineating cere¬ 
bral small venules and capillaries (arrowheads), x 400. D Area of 
prominent rod-shaped microglial cell proliferation including many 
that stain positively for viral antigen, x 100. E-H Combined in situ 
hybridization for viral genome and GFAP immunohistochemical 
staining for astrocytes. E GFAP-negative neuronal cells expressing 
viral genome (purple). Small purple dots represent positive viral 
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genome in cross-sectioned cell processes, x 400. F Uninfected reac¬ 
tive astrocytes which are negative for viral genome by in situ hybridi¬ 
zation expressing abundant GFAP by immunohistochemistry. 
x 400. G Infected astrocytes (arrows) exhibiting both GFAP (by 


immunohistochemistry with GFAP antibodies) and viral genome (in 
situ hybridization with MFIV-specific probes), x 400. H A neuron 
expressing viral genome by in situ hybridization (purple) next to a 
GFAP-positive astrocyte (brown), x 400. 
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We performed in situ hybridization on tissue sections 
of MHV-A59-infected (3 2 M(-/-) mice with MHV-specific 
probes, in order to determine the distribution of viral 
genome during acute encephalitis. Viral RNA and antigen 
had similar distribution. The signal of viral RNA in 
MHV-A59-infected (3 2 M(-/-) mice was seen within neu¬ 
rons in olfactory-limbic areas in addition to many micro¬ 
glia, perivascular lymphocytes, and in capillary endothe¬ 
lial cells. Double staining with GFAP revealed many 
GFAP-negative cells, positive for viral RNA. There were 
also many GFAP-positive cells which were negative for 
viral RNA. Many of these cells had abundant cytoplasm 
and ramified thick processes characteristic of reactive 
astrocytes, indicating reactive gliosis. Occasional GFAP- 
positive cells were also positive for viral RNA suggesting 
that only a small percent of astrocytes are infected (fig. 1 ). 
Thus during acute infection of (3 2 M(-/-) mice with MHV- 
A59, the distribution of viral RNA and antigen were simi¬ 
lar in neurons, microglia endothelial cells and a small 
number of glial cells including GFAP-positive astrocytes. 
The pathologic changes during acute meningoencephalitis 
also included reactive gliosis. In situ hybridization for 
viral genome combined with RCA-1 staining showed viral 
genome in microglia and endothelial cells, similar to the 
immunohistochemical results for viral antigens. 

Liver sections from MHV-A59-infected (3 2 M(-/-) mice 
were also examined by immunohistochemistry for the 
presence of viral antigen. Staining revealed similar distri¬ 
bution of viral antigen in (LM(-/-) and B 6 -infected mice. 
The thymus was the only other organ, besides the brain 
and liver, to exhibit pathologic changes. Immunohisto¬ 
chemistry with anti-MHV antibodies was performed on 
thymus sections from MHV-A59-infected (3 2 M(-/-) mice, 
to rule out possible viral replication in the thymus. How¬ 
ever, there was no evidence of viral antigen present in the 
thymus of MHV-A59-infected (3 2 M(-/-) mice. Control 
immunohistochemical and in situ hybridization experi¬ 
ments using irrelevant antibodies and probes on adjacent 
sections were all negative. 

Chronic Demyelination in (3jM(-/-) Mice Infected 

with MHV-A59 

We showed previously that chronic demyelinating le¬ 
sions can develop in (3 2 M(-/-) mice; thus CD 8 + lympho¬ 
cytes were not an absolute requirement for MHV-induced 
demyelination [24], To further quantify the degree of 
demyelination in chronically infected (3 2 M(-/-) mice, we 
examined demyelination using Epon-embedded, l-( iM 
thick spinal cord sections, stained with toluidine blue and 
examined by light microscopy. We found only minute foci 


of demyelination in 14 of 200 quadrants of spinal cord 
cross sections in 15 (3 2 M(—/—) mice infected with 10 PFU 
of MHV-A59 (table 1). In the majority of the cases, the 
lesions were significantly smaller than the ones seen in B 6 
mice infected with 5,000 PFU of MHV-A59. In some spi¬ 
nal cord sections we found foci of inflammatory cells 
within the meninges but no evidence of demyelination in 
adjacent white matter. This degree of demyelination was 
similar to that observed in B 6 mice receiving the same 
amount of virus (10 PFU) [32], In B 6 mice receiving 
5,000 PFU, demyelination was found in all of 5 mice in 
65 % of the quadrants, which is the usual degree of demye¬ 
lination produced by MHV-A59 in B 6 mice [32], 

Pathology of p 2 M(-/-) Mice with MHV-2 

A less neurotropic strain of MHV, MHV-2, which nor¬ 
mally does not invade the brain parenchyma in B 6 mice, 
was used in comparison to A59 in order to evaluate the 
protective effect of CD 8 + cells on viral invasion of the 
brain. Four-week-old (3 2 M(-/-) mice were inoculated i.c. 
with MHV-2 and analyzed, at various intervals postinfec¬ 
tion, for histopathology and viral titers in organs. Histolo¬ 
gy revealed both acute hepatitis and acute encephalitis. 
Acute encephalitis was observed in several periventricu¬ 
lar areas especially the lateral and 4th ventricles. Mono¬ 
nuclear lymphocytic infiltration involved the choroid 
plexus, the ependyma and in the surrounding brain paren¬ 
chyma especially in the brainstem (fig. 2). There was no 
involvement of other areas of the brain including areas 
that are typically involved in A59 infection of B 6 mice. By 
contrast, B 6 mice infected with MHV-2 showed mostly 
inflammation of the meninges and choroid plexus while 
brain parenchyma was only minimally involved. Sus¬ 
tained titers of infectious virus were detected by plaque 
assay were detected in both brains and livers of (3 2 M(—/—) 
mice infected with MHV-2. Titers peaked at 3 and 5 days 
after MHV-2 infection of B 6 mice (fig. 3). Neither B 6 
mice nor 5 (3 2 M(-/-) mice sacrificed 30 days postinfection 
with 1 LD 50 dose of MHV-2, showed any evidence of 
demyelination in Epon-embedded sections stained with 
toluidine blue. 


Discussion 

The ability of mice devoid of (L-microglobulins and 
MHC class I expression to survive without functional 
CD 8 + cytotoxic T cells [26] provided a unique opportuni¬ 
ty to study the contribution of CD 8 + cells to the disease 
process induced in mice by coronavirus infection. Al- 
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Fig. 2. Pathologic changes in (FM]-/-) mice infected IC with MHV-2. A Periventricular necrotizing encephalitis. HE. 
x 100. B Parenchymal brainstem encephalitis with marked perivascular inflammatory infiltration. HE. x 100. 


though p 2 M(-/-) mice may occasionally retain a very 
small number of functional CD8+ lymphocytes [33], 
(3 2 M(-/-) mice have been useful for studies of viral patho¬ 
genesis. For example, (3 2 M(-/-) mice exhibited delayed 
clearance and increased mortality following influenza vi¬ 
rus challenge [34], Lymphocytic choriomeningitis virus 
(LCMV) infection induced a chronic wasting disease in 
P 2 M(-/-) mice [35], In the LCMV model system, CD4+ 
CTLs may partially compensate for the lack of CD8+ 
CTLs [36], However, CD8+ lymphocytes were not re¬ 
quired for clearance of vaccinia virus or cytomegalovirus 
infections [37, 38], 

We carefully dissected and compared the disease 
process in p 2 M(-/-) mice to that produced in normal 
B6-susceptible mice in order to further study the role 
of CD8+ cells in the pathogenesis of MHV infection. 
p 2 M(-/-) mice were more susceptible to the virus, showed 
prolonged course of the disease and had sustained titers of 
the virus in the brain and liver. The time frame for initia¬ 
tion of disease in the meninges and brain was not sig¬ 
nificantly different in p 2 M(-/-) mice compared to B6- 
infected mice. However, following i.c. inoculation, hepa¬ 
titis was delayed in onset in p 2 M(-/-) mice compared to 
B6 mice. The lack of CD8+ cells had a different effect on 
various components of the disease process induced by 
MHV, suggesting that each part of this disease process is 
independently controlled. In addition, the lack of CD8+ 
cells increased MHV-2-induced encephalitis without af¬ 
fecting the ability of mice to develop demyelination. 

We performed an exhaustive search for additional 
reservoir of infection in organs other than the brain and 




Fig. 3. Viral titers in organs of MHV-2-infected (FM(-/-) mice (A) 
compared to MHV-2-infected B6 mice (B). |FM(-/-) mice were 
infected IC with 5 x 10 3 PFU of virus and B6 mice were infected IC 
with 5 x 10 s PFU of virus then sacrificed at various intervals postin¬ 
fection; organs were aseptically removed and viral titers were deter¬ 
mined by plaque assay. 
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liver in order to explain the increased susceptibility of 
(3 2 M(-/-) mice to MHV infection. We ruled out the thy¬ 
mus as a potential reservoir since there was no evidence of 
active viral replication in the thymus of infected (3 2 M(-/-) 
mice or B6 mice by immunohistochemistry and plaque 
assay. This was consistent with a previous report showing 
that thymic pathology of lymphocytic depletion in mice 
infected with MHV is mainly due to apoptosis, possibly 
mediated by cytotoxic cytokines and not due to active 
viral replication [39], 

Since the extent of hepatitis and the histopathologic 
changes in the livers of |3 2 M(-/-) mice were similar to B6 
mice during acute infection and no additional organs 
showed any pathologic abnormalities, we concluded that 
the main cause of the increased virulence and mortality in 
(3 2 M(-/-) mice was the increased CNS replication. During 
acute encephalitis in (3 2 M(-/-) mice there was slight 
change in the anatomical pattern of spread of the virus, in 
that the thalamus and basal ganglia had more extensive 
involvement. The amount of involvement of neuronal 
and glial cells infection was relatively similar in p 2 M(-/-) 
mice and B6 mice. The main change in CNS disease in 
p 2 M(-/-) mice was in additional cellular reservoirs of 
infectious virus in cell types that are not typically in¬ 
volved or only minimally infected in MHV-A59 infection 
of B6 mice. This included perivascular lymphocytes, mi¬ 
croglia, and endothelial cells. Thus, CD8+ cells may play a 
role in clearance of virus from these cell types, causing 
increased susceptibility of the p 2 M(-/-) mice to MHV- 
A59. 

We then compared infection of p 2 M(-/-) mice by two 
different strains of MHV, which have different neuro¬ 
tropic phenotypes in B6 mice, in order to further assess 
the role of CD8+ cells in preventing spread of MHV with¬ 
in the brain. MHV-2 and MHV-A59 are closely related 
strains of MHV exhibiting over 80% homology in nucleo¬ 
tide sequences [Das Sarma et al., manuscript in prepara¬ 
tion], However, the two strains differ in the degree of CNS 
involvement. While MHV-A59 produces acute encephali¬ 
tis and chronic demyelination, MHV-2 produced much 
less encephalitis and no demyelination. We asked whether 
mice lacking CD8+ show more parenchymal involvement 
in MHV-2 infection, in order to explore the possible role 
of CD8+ cells in brain invasion and demyelination. Our 
results demonstrated that MHV-2 infection in (3 2 M(-/-) 
mice produced significant brainstem encephalitis without 
demyelination, while parenchymal involvement in MHV- 
2-infected B6 mice was minimal. Thus, CD8+ cells may 
affect the spread of MHV within the brain, but have no 
effect on demyelination. 


As previously demonstrated [24], the extent of demye¬ 
lination was reduced in (3 2 M(-/-) mice as compared to B6 
mice when each type of mice are given 1-2 LD 50 dose of 
virus (10 PFU in (3 2 M(-/-) mice and 3,000 PFU in B6 
mice). The reduced rate of demyelination in [3 2 M(—/—) 
mice may be due to the lower dose of virus used and the 
finding that the lack of CD8+ cells did not affect the sus¬ 
ceptibility of mice to demyelination, despite the increased 
susceptibility to hepatitis and encephalitis [32], 

Studies of (3 2 M(-/-) mice with Theiler’s virus, another 
experimental model system of virus-induced demyelin¬ 
ation, showed that CD8+ cells were required for clearance 
of virus and protection of the brain from infection and 
subsequent demyelination in a resistant strain [40-42], 
In addition, remyelination was more extensive in the 
(3 2 M(-/-) mice infected with Theiler’s virus which sug¬ 
gested that CD8+ cells may have a role in preventing 
remyelination [43], 

In conclusion, CD8+ cells may have an important role 
in clearance of virus from infected inflammatory cells, 
endothelial cells and microglial cells, during acute MHV 
infection of the brain. However, CD8+ cells had less effect 
on viral clearance from primary CNS cells such as neu¬ 
rons astrocytes and oligodendrocytes which probably use 
different mechanisms of clearance. Failure to achieve 
complete viral clearance from the CNS, especially in olig¬ 
odendrocytes and astrocytes, may result in viral persis¬ 
tence and chronic demyelination. Our studies showed no 
evidence of a direct role of CD8+ cells in chronic demye¬ 
lination. 
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